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(54) Sheath and method of use for a stent delivery system 


(57) An apparatus (10) and method for deploying 
one or more stents (12) within a body lumen (72) com- 
prises a substantially tubular sheath (28) configured for 
slidable movement over a catheter shaft (15) and con- 
figured to receive a stent (12) over a flexible, expanda- 
ble distal portion (34) of the sheath. The sheath (28) 
may comprise a part of a stent deployment system 
including a dilatation catheter (such as a balloon cathe- 
ter (14)), and one or more substantially tubular stents 
(12) positioned in their delivery configurations over the 
expandable distal portion (34) of the sheath. The sheath 
(28) preferably has a proximal portion (36) that is config- 
ured so that a user may advance the sheath over the 
catheter (14) by maneuvering the sheath proximal end 
(32). The substantially tubular stent (12) preferably is a 


radially expandable stent having a delivery configura- 
tion and a deployed configuration. 

When the apparatus (10) is introduced into a body 
lumen (72), the sheath (28) is positioned on the catheter 
shaft (15) such that the sheath distal portion (34) bear- 
ing the stent (12) is proximal of the catheter expandable 
member (22) ( e.g. , balloon). Thus, the catheter expand- 
able member (22) may be used to dilate the body lumen 
(72) without deploying the stent (12). After dilatation is 
completed, the sheath (28) is advanced until the stent 
(12) is positioned around the expandable member (22) 
which is then expanded, thereby radially expanding and 
deploying the stent or stents. 
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Description 

The invention relates to stent delivery systems, 
which are used to implant a stent into a body lumen of a 
patient to maintain the patency thereof. More particu- s 
larly, the present invention relates to a stent delivery 
sheath that is mounted over a catheter for deploying a 
stent in a body lumen. 

Stents are generally cylindrically-shaped devices 
which function to hold open and sometimes expand a 10 
segment of a blood vessel or other body lumen. These 
devices particularly are suitable for use to support and 
hold back a dissected arterial lining which can occlude 
the fluid passageway. Stents also are useful in maintain- 
ing the patency of a body lumen, such as a coronary is 
artery, after a percutaneous transluminal coronary angi- 
oplasty (PTCA) procedure or an atherectomy procedure 
to open a stenosed area of the artery. Several interven- 
tional treatment modalities presently are used for heart 
disease, including balloon and laser angioplasty, 20 
atherectomy, and bypass surgery. 

In typical balloon angioplasty procedures, a guiding 
catheter having a preformed distal tip is percutaneously 
introduced through the femoral artery into the cardio- 
vascular system of a patient in a conventional Seldinger 25 
technique and advanced within the cardiovascular sys- 
tem until the distal tip of the guiding catheter is seated in 
the ostium of a desired coronary artery. A guide wire is 
positioned within an inner lumen of a dilatation catheter, 
and then both are advanced through the guiding cathe- 30 
ter to the distal end thereof. The guide wire is advanced 
out of the distal end of the guiding catheter into the cor- 
onary vasculature of the patient until the distal end of 
the guide wire crosses a lesion to be dilated. Then, the 
dilatation catheter, having an inflatable balloon on the 35 
distal portion thereof, is advanced into the coronary 
anatomy of the patient over the previously-introduced 
guide wire until the balloon of the dilation catheter prop- 
erly is positioned across the lesion. Once in position 
across the lesion the balloon, which typically is made of 40 
relatively non-distensible materials, is inflated to a pre- 
determined size with liquid at relatively high pressure 
( e.g. . greater than 1.013 x 10 5 Pa (4 atmospheres)) to 
compress the arteriosclerotic plaque of the lesion 
against the inside of the artery wall and to otherwise 45 
expand the inner lumen of the artery. The dilatation bal- 
loon then is deflated so that blood flow can be resumed 
through the dilated artery and the dilatation catheter 
can be removed. Further details of dilatation catheters, 
guide wires, and devices associated therewith for angi- 50 
oplasty procedures can be found in U.S. Patent 
4,323,071 (Simpson-Robert); U.S. Patent 4,439,185 
(Lindquist); U.S. Patent 4,516,972 (Samson); U.S. Pat- 
ent 4,538,622 (Samson et al.); U.S. Patent 4,554,929 
(Samson et al.); U.S. Patent 4,616,652 (Simpson); U.S. 55 
Patent 4,638,805 (Powell); U.S. Patent 4,748,982 
(Horzewski et al.); U.S. Patent 5,180,368 (Garrison); 
U.S. Patent 5,458,613 (Gharibadeh et al.); and U.S. Pat- 


ent 5,496,346 (Horzewski, et al.). 

A major problem that can occur during balloon angi- 
oplasty procedures is the formation of intimal flaps that 
can collapse and occlude the artery when the balloon is 
deflated at the end of the angioplasty procedure. 
Another major problem characteristic of balloon angi- 
oplasty procedures is the large number of patients 
which are subject to restenosis in the treated artery. In 
the case of restenosis, the treated artery may again be 
subject to balloon angioplasty or to other treatments 
such as bypass surgery, if additional balloon angi- 
oplasty procedures are not warranted. However, in the 
event of a partial or total occlusion of an artery resulting 
from the collapse of a dissected arterial lining after the 
dilatation balloon is deflated, the patient may require 
immediate medical attention, particularly where the 
occlusion occurs in a coronary artery. 

A major focus of recent development work in the 
treatment of heart disease has been directed to endo- 
prosthetic devices called stents. Stents are generally 
cylindrically-shaped intravascular devices that are 
placed within a damaged artery to hold it open. Such 
devices can be used to reduce the development of rest- 
enosis or to tack up an intimal flap to maintain the pat- 
ency of the blood vessel immediately after intravascular 
treatments such as a PTCA. 

Various means have been described to deliver and 
implant stents. One method frequently described for 
delivering a stent to a desired intraluminal location 
includes mounting the expandable stent on an expand- 
able member, such as a balloon, provided on the distal 
end of an intravascular catheter, advancing the catheter 
to the desired location within the body lumen of the 
patient, inflating the balloon on the catheter to expand 
the stent into a permanent expanded condition, and 
then deflating the balloon and removing the catheter. 

However, the rapid and effective delivery of a stent 
to the desired location within the vasculature of a patient 
is difficult and time consuming, particularly where stent 
deployment is accompanied by a balloon angioplasty 
procedure or when multiple stents are deployed in the 
body lumen. 

It therefore may be important to improve existing 
stent delivery systems to provide rapid stent delivery 
while at the same time allowing a surgeon to select a 
desired stent-and-catheter combination. The present 
invention satisfies these needs. 

The present invention is directed to an apparatus 
and method for deploying one or more stents within a 
body lumen. The invention generally comprises a sub- 
stantially tubular sheath configured for slidable move- 
ment over a catheter shaft, with the sheath configured 
to have a substantially tubular stent positioned over a 
distal portion of the sheath. The sheath may comprise a 
part of a stent deployment system including a substan- 
tially tubular stent positioned over a distal portion of the 
sheath and a catheter slidably received within the 
sheath. 
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The substantially tubular sheath preferably has 
proximal and distal ends, proximal and distal portions, 
an outer surface, and a lumen therethrough defining an 
inner surface. The sheath is configured for slidable 
movement over the catheter shaft. The distal portion of 5 
the sheath comprises a flexible, expandable material 
extending from the inner surface of the sheath to the 
outer surface of the sheath. The proximal portion of the 
sheath is resistant to compressive forces. 

The catheter preferably is a dilatation catheter or a 
balloon catheter having an expandable member, such 
as a balloon, at the distal end thereof. The substantially 
tubular stent preferably is a radially expandable stent 
having a delivery configuration and a deployed configu- 
ration. The stent is positioned in the delivery configura- 
tion over the distal portion of the sheath. 

When the apparatus is introduced into a body 
lumen, the sheath is positioned on the catheter shaft 
such that the sheath distal portion bearing the stent is 
proximal of the expandable member. Accordingly, the 
expandable member may be freely expanded, in the 
body lumen, as may be necessary to dilate a selected 
portion of the body lumen, without radially expanding, 
and thereby deploying, the stent. Once the body lumen 
has been dilated by the expandable member, the sheath 
can be longitudinally advanced until the sheath distal 
portion bearing the stent is positioned over the expand- 
able member. The expandable member then can be 
expanded. Because the sheath distal portion is formed 
of an elastomeric material, the sheath distal portion 
expands as the expandable member expands. This 
expansion of the expandable member and sheath distal 
portion also expands and deploys the stent at the 
desired location. The expandable member then can be 
deflated, thereby causing the sheath distal portion to 
resume the unexpanded form. The stent retains the 
deployed, expanded form, and remains in the body 
lumen as the catheter and sheath are withdrawn. 

In an alternative embodiment, all or part of the prox- 
imal portion of the tubular sheath is replaced by a stiff 
mandrel, sized and configured to lay along the side of 
the catheter shaft. The mandrel may be of either a solid 
or hollow configuration. Such an embodiment may be 
used with so-called rapid exchange catheters such as 
the catheters shown and described in U.S. Patent 
5,180,368 (Garrison), U.S. Patent 5,458,613 (Ghariba- 
deh et al.), and U.S. Patent 5,496,346 (Horzewski et 
al.). 

In one embodiment, the proximal portions of the 
catheter and sheath have positioning indicia, such as 
visible markings or surface disruptions, on their proxi- 
mal portions, which may be viewed by a user during a 
procedure. The positioning indicia can be used to indi- 
cate the relative position of the stent with respect to the 
expandable member. By aligning the positioning indicia 
of the sheath and catheter, the user can determine 
when the stent is positioned over the expandable mem- 
ber. The proximal portion of the sheath also may contain 


indicia that describe features of the apparatus, such as 
the length of the sheath and the number and type of 
stents secured to the sheath. 

The tubular sheath proximal portion preferably has 
a length of at least 50 cm, depending on the particular 
application and body lumen to be treated. The length of 
the proximal portion should be sufficient to allow the 
proximal end of the sheath to be outside of the patient 
while the distal portion that bears the stent is at the 
desired deployment site inside the body lumen. The 
tubular sheath proximal portion preferably is resistant to 
compressive forces, so that a user may advance the 
sheath along the catheter by grasping the proximal end 
of the sheath and pushing the sheath distally. 

The invention can be used with various catheters, 
including so-called over-the-wire catheters and rapid 
exchange catheters. 

The sheath may contain one or more stents. When 
two or more stents are mounted on the sheath, the 
apparatus can be used to deploy multiple stents in the 
body lumen without requiring the catheter or sheath to 
be withdrawn from the body lumen until deployment of 
all of the stents is completed. 

The sheath distal portion protects the expandable 
member, such as a dilatation balloon, from mechanical 
damage that otherwise might be caused by the stent or 
by the characteristics of the lesion itself. The distal por- 
tion also aids in deflating and refolding the balloon after 
stent deployment, as well as offering some protection to 
the body lumen against damage from rupture of the bal- 
loon. 

The delivery sheath of the invention is of particular 
use with a catheter having a removable proximal hub, 
such as that described in co-pending United States Pat- 
ent Application Serial No. 08/840,495 for CATHETER 
AND METHOD FOR A STENT DELIVERY SYSTEM, 
with Andrew James Mackenzie as the inventor, filed 
April 21, 1997. 

Other features and advantages of the present 
invention will become more apparent from the following 
detailed description of the invention when taken in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a perspective view, partially in section, 
depicting a delivery catheter, sheath, and stent assem- 
bly according to the present invention. 

FIG. 2 is a perspective view of a sheath according 
to the present invention. 

FIG. 3a is a perspective view of a stent in a delivery 
configuration. 

FIG. 3b is a perspective view of the stent of FIG. 3a 
in a deployed configuration. 

FIG. 4 is a perspective view of a sheath and stent 
assembly according to the present invention. 

FIG. 4a is a perspective view of an alternative 
embodiment of a sheath and stent assembly according 
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to the present invention. 

FIG. 5 is a perspective view, partially in section, of 
a delivery catheter and sheath assembly used to deploy 
a stent in a human patient according to the present 
invention. s 

FIG. 6 is a perspective view of a distal portion of a 
delivery catheter, sheath, and stent assembly with the 
balloon expanded to dilate a body lumen. 

FIG. 6a is a perspective view of a distal portion of 
an alternative embodiment of a delivery catheter, 10 
sheath, and stent assembly with the balloon expanded 
to dilate a body lumen. 

FIG. 7 is a perspective view depicting the distal por- 
tion of the delivery catheter, sheath, and stent assembly 
of FIG. 6 with the stent positioned for deployment in the is 
body lumen. 

FIG. 8 is a perspective view depicting the distal por- 
tion of the delivery catheter, sheath, and stent assembly 
of FIG. 6 with the balloon expanded to deploy the stent 
in the body lumen. 20 

FIG. 9 is a perspective view depicting an alternative 
embodiment of the sheath. 

FIG. 10 is a perspective view of the sheath of FIG. 
9 being removed from a catheter. 

FIG. 11 is a perspective view of an alternative 25 
embodiment of a sheath and stent assembly according 
to the present invention. 

FIG. 12 is a perspective view of the sheath and 
stent assembly of FIG. 11 associated with a rapid- 
exchange delivery catheter. 30 

FIG. 1 2a is a cross-sectional view of the sheath and 
rapid-exchange delivery catheter of FIG. 12. 

FIG. 13 is a perspective view of a sheath and stent 
assembly having multiple stents according to the 
present invention. 35 

FIG. 14 is a perspective view of a section of sheath 
distal portion material bearing multiple stents. 

FIG. 15a is a perspective view of a proximal portion 
of a delivery catheter and sheath assembly having indi- 
cia to indicate the position of the distal portion of the 40 
sheath relative to the expandable member. 

FIG. 15b is a perspective view of a proximal portion 
of a delivery catheter and sheath assembly according to 
an alternative embodiment of the invention, wherein the 
sheath and delivery catheter have indicia to indicate the 45 
position of the distal portion of the sheath relative to the 
expandable member. 

FIG. 15c is a perspective view of a proximal portion 
of a delivery catheter and sheath assembly according to 
an alternative embodiment of the invention, wherein the so 
sheath and delivery catheter have indicia to indicate the 
position of the distal portion of the sheath relative to the 
expandable member. 

Particular embodiments of the present invention 
are depicted in FIGS. 1-15 for use in various body 55 
lumens and procedures, including use in deploying 
stents in dilated arteries during balloon angioplasties. 
However, the present invention is not limited to use in 
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blood vessels or angioplasties, but can be used in other 
body lumens and procedures to deploy stents, endovas- 
cular grafts, and similar devices. 

Referring to FIG. 1, in one preferred embodiment 
the assembly 10 for deploying stent 12 includes a bal- 
loon catheter 1 4. The balloon catheter 1 4 has a catheter 
shaft 15, a proximal end 16 with various controls 18 
located thereon, and a distal end 20 having a dilatation 
device, which in the embodiment shown is a dilatation 
balloon 22. Although it is preferred that the balloon 22 
be a dilatation balloon, the device is not so limited, and 
can include any expandable member capable of 
expanding a stent. In the embodiment shown, the bal- 
loon catheter 14 has an inner lumen 24 that allows a 
guide wire 26 to pass therethrough. 

The assembly 10 further includes a sheath 28 hav- 
ing a distal end 30 and a proximal end 32. The sheath 
28, which is shown in greater detail in FIG. 2, comprises 
two portions -- a distal portion 34 and a proximal portion 
36. The distal portion 34 preferably comprises an elas- 
tic, expandable material that can be expanded by out- 
ward pressure from within the sheath 28. Materials such 
as elastomeric polymers and urethane, rubber, latex 
and a material sold under the tradename TECOFLEX® 
by Thermedics, Inc. may be used to form the distal por- 
tion 34. The proximal portion 36 preferably is formed of 
a material, such as that commonly referred to as PEEK 
(polyether ether keytone), a stiff plastic such as ABS 
(acrylonitrile-butadiane-styrene) or PVC (polyvynle 
chloride), a flexible metal tube formed from stainless 
steel or nitinol (nickel titanium or "NiTi") alloys, or a fiber 
or braid reinforced tube from any combination of these 
materials, all of which enhance the pushability of the 
sheath 28 and each of which is flexible enough to allow 
navigation of the vascular system. The length 40 of the 
proximal portion typically is several times greater than 
the length 42 of the distal portion. 

The sheath 28 shown in FIG. 2 has an inner lumen 
44 passing along the length of the sheath 28. The 
sheath has an inner surface 46, defined by the inner 
lumen 44, and an outer surface 48. The inner lumen 44 
is sized for slidable movement over the dilatation bal- 
loon catheter 14 and particularly over the catheter shaft 
15. 

The sheath 28 of FIG. 2 has an outer diameter 50 
that is sized to be able to pass within a body lumen. The 
sheath 28 preferably has a length 52 that allows the dis- 
tal end 30 of the sheath to be positioned at a desired 
treatment site in a body lumen while the proximal end 
32 of the sheath is positioned outside of the body lumen 
and patient, so that a user can manipulate the sheath 28 
by grasping and maneuvering the proximal end 32 
thereof. Maneuvering the proximal end 32 of the sheath 
28 provides relative axial movement between the 
sheath distal end 30 and the dilatation balloon 22 so 
that the stent 12 thereby is positioned at the desired 
treatment site. The proximal portion 36 of the sheath 
may include a handle 53 or a similar manipulation 
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device by which a user can grasp and move the sheath 
28 axially over the catheter shaft 15. 

Different sheaths can have various lengths, cus- 
tomized for the particular application. For example, in a 
balloon angioplasty procedure where a sheath is used 
to deploy a stent in a coronary artery (as shown, for 
example, in FIG. 5), the sheath length 52 generally is at 
least 50 cm in length, and preferably will be on the order 
of 100 cm to 140 cm in length. The precise optimum 
length of the sheath will be determined by the applica- 
tion. 

FIGS. 3a and 3b show an expandable stent 12 for 
use with the balloon catheter 14 and the sheath 28 of 
the invention. The stent has an inner lumen 54 defining 
an inner surface 56, and an outer surface 58 defining an 
outer diameter 60a. FIG. 3a shows the stent 12 in its 
delivery configuration, in which the pre-deployment 
outer diameter 60a is small enough to pass within a 
body lumen. FIG. 3b shows the stent 12 in its deployed 
configuration, in which the outer diameter 60b is sized 
so that the stent outer surface 58 contacts the walls of 
the body lumen. The length 62 of the stent 12 typically 
is in the range of 5 to 50 mm, and preferably is about 15 
to 20 mm, but stents of almost any length may be used 
with the invention, depending on the particular applica- 
tion. FIGS. 3a and 3b show a stent 12 of an open lattice 
configuration, similar to the stent described in U.S. Pat- 
ent No. 5,569,295 (Lau, et al.). However, other stent 
types and configurations are well known in the art and 
also are compatible for use in keeping with the inven- 
tion, so long as the stent defines an inner lumen and 
can be partially or fully expanded with a device such as 
a balloon catheter. 

FIG. 4 shows a stent and sheath assembly 64 
according to a preferred embodiment of the current 
invention. The stent 12 is positioned in its delivery con- 
figuration on the distal portion 34 of the sheath 28, with 
the stent inner surface 56 contacting the sheath outer 
surface 48. In the preferred embodiment shown, the 
sheath distal portion length 42 is greater than the stent 
length 62, so that the scent 12 can be mounted entirely 
on the sheath distal portion 34 without contacting the 
sheath proximal portion 36. 

In one embodiment of the invention, one or more 
stents 12 are pre-loaded onto the sheath distal portion 
34 at the point of manufacture. Accordingly, the user 
does not have to manually load the stent onto the 
sheath distal portion 34, and instead selects a sheath 
distal portion 34 that has a desired stent 1 2 or stents 1 2 
pre-loaded thereon. In an alternative embodiment, the 
stent 12 is not pre-loaded onto the sheath distal portion 
34 at the point of manufacture. Instead, the user selects 
a desired stent 1 2 or stents 1 2, and loads the same onto 
the sheath distal portion 34. 

In the embodiment shown in FIGS. 2 and 4, the 
sheath distal portion 34 and the sheath proximal portion 
36 have the same outer diameter 50. However, in other 
embodiments, the outer diameter of the distal portion 34 


and of the proximal portion 36 may vary. For example, 
as depicted in FIG. 4a, the sheath distal portion 34 may 
have a diameter 50a slightly smaller than the diameter 
50b of the sheath proximal portion 36. The reduced 

5 diameter 50a of the sheath distal portion 34 allows extra 
radial space for a stent 12 to be positioned on the 
sheath 28, so that the outer diameter 60a of the stent 1 2 
when mounted on the sheath distal portion 34 in the 
delivery configuration can pass easily within a body 

io lumen. In one embodiment, such as that shown in FIG. 
4a, the outer diameter 60 of the stent 12 is equal to or 
less than the diameter 50b of the sheath proximal por- 
tion 36. 

In FIG. 5, the catheter, sheath, and stent assembly 

is are illustrated as in a balloon angioplasty procedure to 
deploy a stent 1 2 in a coronary artery 66 in a patient 68. 
The assembly has been introduced percutaneously 
through a guide catheter 69 in a femoral artery 70 into 
the vascular system of the patient 68, with the dilatation 

20 balloon 22 positioned, for example, in the coronary 
artery to be treated. Both the catheter shaft proximal 
end 16, which includes the catheter controls 18, and the 
sheath proximal end 32, including the sheath handle 53, 
are positioned outside of the patient 68 so that a user 

25 easily may grasp and manipulate the catheter 14 and 
the sheath 28. 

Referring now to FIG. 6, the catheter/sheath/stent 
assembly is shown with the dilatation balloon 22 posi- 
tioned within a body lumen 72 at a desired treatment 

30 location 74. The desired treatment location 74 may 
comprise a blockage 76, such as a stenosis caused by 
deposits of plaque, which has partially occluded the 
body lumen 72. 

The sheath 28 is positioned such that the stent 12, 

35 which is mounted on the sheath distal portion 34, is just 
proximal of the dilatation balloon 22. Accordingly, as the 
dilatation balloon 22 is expanded against the blockage 
76, the expansion of the dilatation balloon 22 does not 
cause the stent 12 to assume its deployed diameter. In 

40 the embodiment shown in FIG. 6, the sheath distal end 
30 is positioned just proximal of the dilatation balloon 
22, so that expansion of the dilatation balloon 22 does 
not cause expansion of any part of the sheath distal por- 
tion 34. However, in another embodiment, as shown in 

45 FIG. 6a, the sheath 28 may have a sheath distal portion 
34 significantly greater in length than the stent 12, with 
the sheath distal portion 34 extending distally of the 
stent 12 and over the dilatation balloon 22. In such an 
embodiment, the expansion of the dilatation balloon 22 

50 to dilate the blockage 76 will expand a forward section 
78 of the sheath distal portion 34, but the rear section 
80 of the sheath distal portion 34, upon which the stent 
12 is mounted, is not expanded significantly, so that the 
expansion of the dilatation balloon 22 to treat the block- 

55 age 76 does not cause the stent 12 to assume its 
deployed diameter. 

In FIG. 7, the blockage 76 has been dilated and the 
dilatation balloon 22 has been deflated. The sheath 28 
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slidably has been advanced (distally) over the catheter 
14 by maneuvering the sheath proximal end 32 until the 
stent 1 2 is positioned over the dilatation balloon 22. The 
slidable advancement of the sheath 28 may be achieved 
by the user, such as a cardiologist, by grasping the 5 
sheath proximal end 32, shown in FIG. 5, and pushing 
the sheath 28 forward (distally) along the catheter 14. 
Because the sheath proximal portion 36 preferably is 
comprised of a generally stiffer material that is resistant 
to longitudinal compressive forces, the user pushing on 10 
the sheath proximal end 32 causes the sheath 28 to 
slide over the catheter 1 4 so that the distal portion of the 
sheath 34, including the stent 12, advances over the dil- 
atation balloon 22. 

In FIG. 8, the dilatation balloon 22 is expanded. The 15 
outward pressure from the dilatation balloon 22 causes 
the sheath proximal portion 36 to expand outwardly, 
which in turn forces the stent 12 to expand outwardly 
until the stent assumes its deployed outer diameter 60b. 
In the deployed diameter, the stent outer surface 58 20 
contacts and exerts some outward pressure against the 
walls 82 of the body lumen 72, thereby preventing the 
walls 82, which may be weakened from the dilatation 
procedure or from the blockage 76, from collapsing 
inwardly and causing renewed blockage of the body 25 
lumen 72. 

FIG. 9 shows another embodiment of a sheath 28 
according to the current invention. The sheath 28 is sim- 
ilar to that shown in FIG. 2, and comprises a distal end 
30, a proximal end 32, a distal portion 34, and a proxi- 30 
mal portion 36. However, the embodiment shown in 
FIG. 9 further includes a slit 84 extending from the 
sheath proximal end 32 toward the sheath distal end 30. 
The slit 84 preferably passes all the way through the 
sheath outer wall, La, from the sheath outer surface 35 
through to the sheath inner surface 48, and allows the 
sheath to be peeled apart, to allow introduction or 
removal of various devices, such as a catheter or guide 
wire, via the side of the sheath. Because an opening in 
the side of the expandable distal portion 34 could com- 40 
plicate expansion and contraction of the distal portion 
34, the slit 84 preferably terminates proximal of the 
sheath expandable distal portion 34. In the embodiment 
shown, the slit 84 terminates approximately 10 cm prox- 
imal of the distal portion 34 of the sheath 28. 45 

In the embodiment shown in FIG. 9, the sheath 28 
has a handle 53 by which a user may grasp and manip- 
ulate the sheath. The handle 53 includes a slot 86 sized 
to accommodate a catheter shaft, so that a catheter 
shaft and/or a guide wire may pass therethrough. so 

The slit 84 and the slot 86 facilitate removal of the 
sheath 28 from a catheter 14 by allowing the sheath to 
be peeled away from the catheter as the sheath is with- 
drawn from the patient. As depicted in FIG. 10, as the 
sheath 28 is withdrawn, the user can peel the sheath 28 55 
away from the catheter 14, the peeling beginning at the 
location of the proximal end 32. Thus, a user can peel 
the sheath 28 away from the catheter 1 4 while securely 


holding the catheter proximal end 16. When the sheath 
28 has been removed entirely from the patient, the only 
portions of the sheath 28 that still remain on the cathe- 
ter 14 are the sheath distal portion 34 and the "unslit" 
portion of the sheath proximal portion 36 (such as the 
last 10 cm depicted in FIGS. 9 and 10). Removal of the 
sheath 28 can be completed by slitting the sides of the 
sheath distal portion 34 and the (previously) unslit por- 
tion of the sheath proximal portion 36. Alternatively, the 
sheath distal portion 34 and the remaining unslit part of 
the sheath proximal portion 36 may be slid off the cath- 
eter proximal end 1 6, especially when the catheter prox- 
imal end 16 has a sufficiently small diameter to pass 
through the sheath distal portion 34, or when the cathe- 
ter 14 is equipped with a detachable proximal hub such 
as that described in United States Patent Application 
Serial No. 08/840,495, entitled CATHETER AND 
METHOD FOR A STENT DELIVERY SYSTEM, filed 
April 21, 1997. 

FIG. 11 shows an alternative embodiment of a 
delivery sheath 28 having a distal portion 34 to which a 
stent 12 is secured, but wherein most of the proximal 
portion 32 of the sheath is replaced by a mandrel 88. 
The mandrel 88 performs much as the proximal portion 
36 described above with respect to FIG. 2. The mandrel 
88 preferably is formed of a material, such as a semi- 
rigid polymer, stainless steel, titanium, nickel-titanium, 
or similar material, which enhances the pushability of 
the sheath 28 yet which is flexible enough to navigate 
the vascular system. The mandrel 88 may have a cross- 
section selected from various configurations, such as 
solid, hollow, tubular, etc. The mandrel length 90 typi- 
cally is several times greater than the length 42 of the 
distal portion 34 of the sheath. While the sheath proxi- 
mal portion 36 shown in FIG. 2 is configured to slidably 
pass over a catheter, the mandrel 88 of FIG. 1 1 is con- 
figured to pass over and lie alongside a catheter. The 
mandrel 88 may include a handle 53 by which a user 
can grasp the device. 

A short section of pushable sheath 92, of similar 
material and characteristics to the proximal portion 36 
of the embodiment shown in FIG. 2, may be provided to 
facilitate the transition between the stiff mandrel 88 and 
the expandable sheath distal portion 34. This short 
pushable section 92 aids the pushability and trackability 
of the sheath 28, and prevents tearing that might result 
if the mandrel 88 were secured directly to the expanda- 
ble sheath distal portion 34. 

The delivery sheath 28 of FIG. 1 1 particularly is 
suited for use with rapid -exchange catheters, such as 
the rapid exchange catheter 94 with dilatation balloon 
95 depicted in FIG. 12. Examples of so-called rapid 
exchange catheters are shown and described in U.S. 
Patent 5,180,368 (Garrison), U.S. Patent 5,458,613 
(Gharibadeh et al.), and U.S. Patent 5,496,346 (Horze- 
wski et al.). 

When used with a rapid-exchange catheter 94, the 
delivery sheath 28 easily can be removed from and 
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introduced into the patient without necessitating 
removal of the catheter 94. An additional advantage of 
the delivery sheath 28 with the mandrel 88 is that the 
user can maintain a grasp on a catheter proximal por- 
tion 96 while removing or inserting the delivery sheath 
28. The mandrel specifically may be configured to 
present a surface that can lie smoothly against the cath- 
eter. For example, FIG. 12a shows a mandrel 88 having 
a curved inner surface 89 configured to lie smoothly 
against a substantially tubular catheter 94. 

The delivery sheath 28 may be placed around the 
catheter 94 prior to introduction of the catheter 94 into 
the patient, and the catheter 94 and the sheath 28 intro- 
duced into the patient in a single step. Alternatively, the 
delivery sheath 28 may be introduced slidably over the 
catheter 94 after the catheter 94 is in place in the 
patient. Such introduction of the delivery sheath over 
the catheter can be facilitated by having a catheter 
whose proximal portion 96 has a diameter small enough 
to pass through a sheath distal portion 34 and charac- 
terized by a short pushable section 92, or with a cathe- 
ter having a detachable proximal hub. 

During introduction of the delivery sheath 28 over 
the rapid-exchange catheter 94, such as that shown in 
FIG. 12, the sheath distal portion 34 and the short push- 
able section 92 slide over the rapid exchange catheter 
94 and the guide wire 26, with the mandrel 88 spaced 
some distance away from the catheter proximal portion 
96 so that the mandrel 88 does not interfere with a 
user's grasp on the catheter proximal portion 96. 

During removal of the delivery sheath 28, the 
sheath distal portion 34 and the short pushable section 
92 slide over the rapid exchange catheter 94 and the 
guide wire 26. Towards the catheter proximal portion 96, 
the mandrel 88 can be pulled away laterally from the 
catheter 94, thereby allowing the user to retain a firm 
hold on the catheter proximal portion 96. When the 
sheath 28 is removed entirely from within the patient, 
removal of the sheath distal portion 34 and the short 
pushable section 92 from the catheter can be com- 
pleted by slitting the sides of the sheath distal portion 34 
and the short pushable section 92. Alternatively, the 
sheath distal portion 34 and the short pushable section 
92 may be slid off the catheter proximal portion 96, 
especially when the catheter proximal portion 96 has a 
sufficiently small diameter to pass through the sheath 
distal portion 34 and the short pushable section 92, or 
when the catheter is equipped with a detachable proxi- 
mal hub. 

FIGS. 1 and 6-12 show a preferred embodiment 
whereby a single stent 1 2 is mounted on the sheath 28. 
However, as shown in FIG. 13, another embodiment 
involves multiple stents 12a-c mounted on the sheath 
28. Thus, a single sheath 26 may be used to deploy 
multiple stents 12a-c in a body lumen during a single 
procedure, without the need for either the sheath 28 or 
the catheter 1 4 to be removed from the body lumen until 
the procedure is completed. In one method, the loca- 


tions 74a, 74b, 74c to be treated all may be dilated by 
the dilatation balloon 22 prior to deployment of any of 
the stents 1 2. After all locations to be treated have been 
dilated, the deflated dilatation balloon 22 is positioned at 

5 the location 74a where the first stent 12a is to be 
deployed. The sheath 28 slidably is advanced over the 
catheter until the first stent 12a is positioned over the 
deflated dilatation balloon 22. Then the dilatation bal- 
loon is expanded, thereby deploying the fiat stent 12a. 

10 The dilatation balloon then is deflated and is reposi- 
tioned at the location 74b where the second stent 1 2b is 
to be deployed. The sheath is again slidably advanced 
over the catheter until the second stent 12b is posi- 
tioned over the deflated dilatation balloon 22. The dila- 

15 tation balloon is expanded again to deploy the second 
stent 1 2b, and the procedure is repeated for any further 
stents which may be carried on the catheter and 
intended to be deployed. 

In another method, dilation of selected treatment 
20 sites 74a-c may occur just prior to deployment of each 
stent, so that the first site 74a is dilated prior to deploy- 
ment of the first stent 12a, the second site 74b is dilated 
after deployment of the first stent 12a, but before the 
deployment of the second stent 12b, etc. 
25 The stents 12 preferably are spaced apart a dis- 
tance that allows the dilatation balloon 22 to expand any 
one stent 12 without inadvertently causing full or partial 
expansion of adjacent stents 12. 

In FIG. 13, the sheath is shown with three stents 12. 
30 However, any number of stents 12 may be used, with 
the length 42 of the sheath distal portion 34 selected to 
accommodate the particular size and number of stents. 

The invention also may be used in procedures 
when dilation of the body lumen and stent deployment 
35 must comprise a single step. In such a procedure, the 
body lumen is not dilated prior to stent deployment. 
Instead, the outward expansion of the stent during 
deployment dilates the body lumen. 

The distal portion 34 and proximal portion 36 of the 
40 sheath 28 may be preformed at the point of manufac- 
ture. However, the sheath distal portion 34 may be a 
separate assembly that is attached to the proximal por- 
tion 36 by the user, such as a physician, just prior to or 
during a procedure. Thus, a physician or other user 
45 could select from a variety of stents and sheath distal 
portions, with the selection of stents and sheath distal 
portions dependent on the particular application. 

The user also could customize the length of the 
sheath distal portion 34 as well as the number of stents 
50 12 located thereon. For example, a user could be pro- 
vided with a section of sheath distal portion 34 material 
98 bearing multiple stents 12, as shown in FIG. 14. The 
user then could select the length of sheath distal portion 
and the number of stents desired for a particular proce- 
ss dure, and consequently cut from the length of material 
98 a sheath distal portion of the desired length and 
bearing the selected number of stents. For example, it 
the user desired three stents, the user could cut a 
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sheath distal portion 34 bearing stents 12a - 12c. The 
user then could secure the "customized" sheath distal 
portion 34 to a sheath proximal portion 36 to form a 
completed sheath 28. The stents 12 desirably are 
spaced apart by a minimum distance in the range of 5 
about 4 mm to 1 0 mm which spacing allows a user to 
cut the sheath into distinct and separate stent-bearing 
sections. Such spacing also allows the user to deploy a 
stent, without inadvertently deploying stents that might 
be adjacent to it, with the tapered portion of the expand- w 
able balloon. 

FIG. 15a shows another aspect of a preferred 
embodiment of the invention, whereby the proximal end 
32 of the sheath 28 and the proximal end 1 6 of the shaft 
of the catheter 14 have indicia 100, 102 to indicate the 15 
position of the sheath 28 relative to the catheter 14, 
and/or the position of the stent(s) with respect to the dil- 
atation balloon 22. In the embodiment shown, the cath- 
eter 14 has various indicia 102, including numbers and 
lines, and the sheath indicia 100 simply consists of the 20 
sheath proximal end 32. Alignment of the sheath proxi- 
mal end 32 with the catheter indicia 102 show the posi- 
tion of the stent with respect to the dilatation balloon 22. 
For example, in the embodiment of FIG. 15a, alignment 
of the sheath proximal end 32 with the number "-1 5" on 25 
the catheter indicates that the longitudinal (Le^, proxi- 
mal-to-distal) center of the stent is 15 mm proximal of 
the longitudinal center of the dilatation balloon 22. 

In further embodiments, the sheath indicia 100 may 
comprise more than merely the sheath proximal end 32. 30 
For example, in the embodiment shown in FIG. 15b, a 
proximal section, such as a handle portion 53, of the 
sheath 28 may have a slot 86 (or may have view holes 
or be substantially transparent) and have indicia 100, 
such as lines or other markings, that can be aligned with 35 
corresponding indicia 1 02 on the catheter 1 4. In such an 
embodiment, the slot 86 (or view holes or transparent 
portion) of the handle 53 allows the catheter indicia 102 
to be visualized through the sheath 28. 

In a further embodiment shown in FIG. 15c, the 40 
catheter indicia 102 may comprise a disruption 104 in 
the surface of the catheter 14, and the sheath indicia 
100 may comprise a corresponding disruption 106 in 
the surface of the sheath 28. Alignment of the sheath 
disruption 106 and catheter disruption 104 cause phys- 45 
ical contact therebetween. Such physical contact may 
be sufficient for a user whose hand is sliding the sheath 
to detect, by feel, the contact between the sheath dis- 
ruption 106 and the catheter disruption 104. The physi- 
cal contact also may be sufficient to resist and/or 50 
prevent further longitudinal movement of the sheath 
over the catheter. 

The sheath indicia 100 further may comprise indicia 
describing characteristics of the particular sheath 
and/or the stent or stents secured thereto, such as the 55 
type and number of stents, etc. 

The disclosed embodiments have described the 
sheath and stent assembly being used with a catheter 


having an inflatable balloon for deployment of the stent. 
However, the invention is not limited to the use of 
expandable balloons. Other expandable devices for 
lumen dilation and stent deployment also are compati- 
ble with the invention. 

Although preferred and alternative embodiments of 
the invention have been described and illustrated, the 
invention is susceptible to modifications and adapta- 
tions within the ability of those skilled in the art and with- 
out the exercise of inventive faculty. Thus, it should be 
understood that various changes in form, detail, and 
usage of the present invention may be made without 
departing from the scope of the invention. Accordingly, it 
is not intended that the invention be limited, except as 
by the appended claims. 

Claims 

1. A stent deployment system (10) for deploying one 
or more stents (12) within a body lumen (72), the 
system comprising: 

a catheter (1 4) having a shaft (1 5) with an outer 
surface, a proximal end (16), and a distal end 
(20); 

a substantially tubular sheath (28) having a 
proximal end (32) and a distal end (34), a prox- 
imal portion (36) and a distal portion (34), an 
outer surface, and a lumen (44) therethrough 
defining an inner surface (48), the sheath con- 
figured for slidable movement over the catheter 
shaft; and 

a substantially tubular stent (1 2) having a deliv- 
ery configuration and a deployed configuration, 
the stent being removably attached in the deliv- 
ery configuration over the distal portion (34) of 
the sheath (28). 

2. The system of claim 1, wherein the catheter 
includes an expandable member (22) at the cathe- 
ter distal end (20). 

3. The system of claim 2, wherein the distal portion 
(34) of the sheath (28) is formed from a flexible, 
expandable polymeric material. 

4. The system of claim 3, wherein the proximal portion 
(32) of the sheath (28) is formed from a polymeric 
material that provides sufficient stiffness to the 
sheath to allow relative axial movement of the distal 
portion (34) of the sheath over the catheter (14) in 
response to axial movement of the proximal end 
(32) of the sheath over the catheter. 

5. The system of claim 4, further comprising a sub- 
stantially longitudinal slit (84) in the proximal portion 
(36) of the sheath (20). 
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6. The system of claim 1, wherein the catheter (14) 
has catheter positioning indicia (100) and the 
sheath has sheath positioning indicia (102), the 
catheter positioning indicia and sheath positioning 
indicia being positioned such that alignment of the 5 
sheath positioning indicia with the catheter position- 
ing indicia positions the stent at a desired longitudi- 
nal position adjacent to the catheter distal end. 

7. The system of claim 6, wherein the catheter posi- 10 
tioning indicia (1 00) includes a visible marker on the 
catheter, and the sheath positioning indicia includes 
the proximal end of the sheath. 

8. The system of claim 6, wherein the catheter posi- 15 
tioning indicia (100) comprises a physical disruption 

in the outer surface of the catheter, and the sheath 
positioning indicia (102) comprises a physical dis- 
ruption in the inner surface of the sheath, wherein 
alignment of the catheter positioning indicia with the 20 
sheath positioning indicia results in physical contact 
between the catheter positioning indicia and sheath 
positioning indicia, said contact resisting slidable 
movement in at least one direction between the 
catheter and sheath. 25 

9. The system of claim 1, wherein the sheath has a 
length of at least 50 cm. 

1 0. An apparatus for delivering a stent (1 2) to a desired 30 
position within a body lumen (72), the apparatus 
comprising: 


11. The apparatus of claim 10, wherein the proximal 
portion (36) of the sheath is formed from a poly- 
meric material that provides sufficient stiffness to so 
the sheath to allow relative axial movement of the 
distal portion (34) of the sheath over the catheter 
(14) in response to axial movement of the proximal 
end (32) of the sheath over the catheter. 

55 

1 2. The apparatus of claim 1 1 , wherein the inner lumen 
(44) is configured for a catheter shaft (1 5) having an 
expandable member (22) to slidably move there- 


within, and the distal portion (34) of the sheath (28) 
is formed from a flexible, expandable polymeric 
material. 

13. The apparatus of claim 11, further comprising a 
substantially longitudinal slit (84) in the proximal 
portion (36) of the sheath (28). 

14. The apparatus of claim 10, wherein the sheath (28) 
includes two or more of said substantially tubular 
stents (12), said stents positioned on the distal por- 
tion (34) of the sheath. 

15. The apparatus of claim 10, wherein the proximal 
portion (36) of the sheath (28) includes a handle 
(53) by which a user may grasp the sheath. 

16. The apparatus of claim 15, wherein the handle (53) 
includes a slot (86), said slot configured to receive 
a catheter shaft (15) therewithin. 

17. The apparatus of claim 10, wherein the proximal 
portion (36) of the sheath (28) includes indicia (100) 
that describe features of the apparatus. 

18. The apparatus of claim 10, wherein the tubular 
sheath (28) has a length of at least 50 cm. 

19. An apparatus (10) for delivering a stent (12) to a 
desired position within a body lumen (72), the appa- 
ratus comprising: 

a substantially tubular sheath (28) having a 
proximal end (32) and a distal end (30), an 
outer surface (48), and an inner lumen (44) 
passing therethrough that defines an inner sur- 
face (46) passing the length of the sheath, the 
inner lumen configured for a catheter shaft (1 5) 
to slidably move therewithin; and 
a mandrel (88) having a proximal end and a 
distal end, the mandrel distal end attached to 
the sheath. 

20. The apparatus of claim 19, further comprising at 
least one substantially tubular stent (12) having a 
delivery configuration and a deployed configuration, 
the at least one stent being removably attached in 
the delivery configuration over the sheath (28). 

21. The apparatus of claim 20, wherein the mandrel 
(88) is formed from a polymeric material that pro- 
vides sufficient stiffness to the mandrel to allow rel- 
ative axial movement of the mandrel distal end 
alongside the catheter (14) in response to move- 
ment of the mandrel proximal end. 

22. The apparatus of claim 21, wherein the sheath 
inner lumen (44) is configured for a catheter shaft 


a substantially tubular sheath (28) having a 
proximal end (32) and a distal end (30), a prox- 35 
imal portion (36) and a distal portion (34), an 
outer surface, and an inner lumen (44) passing 
therethrough that defines an inner surface (46) 
passing the length of the sheath, the inner 
lumen configured for a catheter shaft (15) to sli- 40 
dably move therewithin: and 
at least one substantially tubular stent (12) hav- 
ing a delivery configuration and a deployed 
configuration, the stent being removably 
attached in the delivery configuration over the 45 
distal portion (34) of the sheath. 
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(15) having an expandable member (22) to slidably 
move therewithin, and a distal portion (34) of the 
sheath is formed from a flexible, expandable poly- 
meric material. 

23. The apparatus of claim 22, wherein the mandrel 
(88) is secured to a proximal portion (36) of the 
sheath, and said proximal portion of the sheath is 
formed from a polymeric material that provides suf- 
ficient stiffness to the sheath to allow relative axial 
movement of the sheath over the catheter (14) in 
response to movement of the mandrel proximal 
end. 

24. An apparatus (10) for delivering a stent (12) to a 
desired position within a body lumen (72), the appa- 
ratus comprising: 

a substantially tubular sheath (28) having a 
proximal end (32) and a distal end (30), an 
outer surface (48), and an inner lumen (44) 
passing therethrough that defines an inner sur- 
face (46) passing the length of the sheath, the 
inner lumen configured for a catheter shaft (15) 
to slidably move therewithin; and 
a plurality of substantially tubular stents (12), 
each stent having a delivery configuration and 
a deployed configuration, the stents being 
removably attached in the delivery configura- 
tion over the sheath. 

25. The apparatus of claim 24, wherein the sheath (28) 
is formed from a flexible, expandable material. 

26. A method for deploying one or more stents (12) in a 
body lumen (72), the method comprising the steps 
of: 

a) positioning a first stent about a distal portion 
(34) of a tubular sheath, the first stent being 
configured in a delivery configuration; 

b) slidably moving the tubular sheath over a 
catheter shaft (15); 

c) introducing the catheter shaft (15) into the 
body lumen; 

d) introducing the tubular sheath (28) into the 
body lumen; 

e) positioning the first stent (12) at a first 
desired location within the body lumen; and 

f) deploying the first stent (12) at the first 
desired location, wherein said first stent 
assumes a deployed configuration. 

27. The method of claim 26, wherein step (a) is per- 
formed prior to step (b). 

28. The method of claim 26, wherein steps (c) and (d) 
are performed as a single step. 


29. The method of claim 26, wherein the catheter 
includes an expandable member, and wherein step 
(c) comprises the further step of: 

s g) positioning the expandable member at the 

first desired position within the body lumen. 

30. The method of claim 29, wherein the sheath has a 
distal end portion formed from a flexible, expanda- 

10 ble material, and wherein step (e) occurs after step 

(g) , and wherein step (e) comprises the further step 
of: 

h) sliding the sheath over the catheter shaft 
15 until the first stent is positioned over the 

expandable member. 

31. The method of claim 30, comprising, prior to step 

(h) , the further step of: 

20 

i) dilating the body lumen with the expandable 
member. 

32. The method of claim 26, wherein step (a) com- 
25 prises the additional step of: 

j) positioning one or more additional stents 
about a distal end portion of the tubular sheath, 
each additional stent being configured in a 
30 delivery configuration. 

33. The method of claim 32, comprising the further 
steps of: 

35 k) positioning the additional stents at one or 

more additional desired locations within the 
body lumen; and 

I) deploying the additional stents at the addi- 
tional desired locations, wherein each addi- 
40 tional stent assumes a deployed configuration. 

34. The method of claim 33, comprising, after steps (k) 
and (I) are performed, the further steps of: 

45 m) removing the tubular sheath from the body 

lumen; and 

n) removing the catheter from the body lumen. 

35. The method of claim 34 wherein the tubular sheath 
so includes a slit in the sheath proximal portion, and 

step (m) includes the step of peeling the sheath 
away from the catheter. 

36. The method of claim 26 wherein the positioning 
55 step (e) includes indicia on the catheter shaft and 

indicia on the tubular sheath, the method further 
comprising moving the tubular sheath relative to the 
catheter shaft and aligning the indicia on the tubular 
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sheath with the indicia on the catheter shaft, 
thereby positioning the stent over an expandable 
member near a distal end of the catheter shaft. 
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